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ABSTRACT
In Paper I of this series, we showed that the ratio between stripped-envelope (SE) supernova (SN)
and Type II SN rates reveals a significant SE SN deficiency in galaxies with stellar masses . 1010 M.
Here, we test this result by splitting the volume-limited subsample of the Lick Observatory Supernova
Search (LOSS) SN sample into low- and high-mass galaxies and comparing the relative rates of various
SN types found in them. The LOSS volume-limited sample contains 180 SNe and SN impostors and
is complete for SNe Ia out to 80 Mpc and core-collapse SNe out to 60 Mpc. All of these transients
were recently reclassified by us in Shivvers et al. (2017). We find that the relative rates of some types
of SNe differ between low- and high-mass galaxies: SNe Ib and Ic are underrepresented by a factor
of ∼ 3 in low-mass galaxies. These galaxies also contain the only examples of SN 1987A-like SNe in
the sample and host about 9 times as many SN impostors. Normal SNe Ia seem to be ∼ 30% more
common in low-mass galaxies, making these galaxies better sources for homogeneous SN Ia cosmology
samples. The relative rates of SNe IIb are consistent in both low- and high-mass galaxies. The same is
true for broad-line SNe Ic, although our sample includes only two such objects. The results presented
here are in tension with a similar analysis from the Palomar Transient Factory, especially as regards
SNe IIb.
Keywords: supernovae: general — surveys
1. INTRODUCTION This is the second paper in a series that reanalyzes the
supernova (SN) sample assembled by the Lick Observa-
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tory Supernova Search (LOSS; Li et al. 2000; Filippenko
et al. 2001; Filippenko 2003, 2005) in order to constrain
SN progenitor models. In Paper I (Graur et al. 2016),
we remeasured the LOSS SN rates (first measured by Li
et al. 2011a) and found that the ratio between the rates
of stripped-envelope supernovae (SE SNe; i.e., SNe IIb,
Ib, Ic, broad-lined Ic or Ic-BL, and peculiar examples
of these subtypes; see Filippenko 1997 for a review) and
SNe II (i.e., SNe IIP, IIL, IIn, and peculiar examples
of these subtypes) was smaller, by a factor of ∼ 3, in
galaxies with stellar masses . 1010 M than in more
massive galaxies.
The SN rates in Paper I can be regarded as “absolute”
rates—they measured how many SNe, of a given type,
explode per unit time per unit mass. We measured these
rates for three broad SN categories: SNe Ia, SNe II, and
SE SNe. In this paper, we use a subsample of the LOSS
SN sample to measure the fractions of different SN sub-
types within this sample. These fractions can be thought
of as “relative” rates—they measure which fraction of
all SNe that explode in nature are of a given subtype.
If relative rates are measured from a SN sample that is
complete within a given volume (i.e., “volume-limited”),
and the host galaxies of these SNe are representative of
the galaxy luminosity function within that volume, the
relative SN rates should correlate with the relative rates
of their respective progenitor stars. Throughout this
work, we use the terms “relative rates” and fractions in-
terchangeably. Owing to the careful way in which the
LOSS volume-limited subsample was constructed (see
below), the relative rates we measure from it allow us
to go a step further than in Paper I and study different
subtypes of SNe (e.g., SNe IIb, Ib, and Ic) in detail.
The subsample of the full LOSS SN sample we used
here was constructed by Li et al. (2011b, hereafter L11)
to measure SN luminosity functions and relative rates.
This sample is complete to all core-collapse (CC) SNe
out to 60 Mpc and SNe Ia out to 80 Mpc (and hence
it is volume limited). We describe this sample in detail
in Section 2. Recently, Shivvers et al. (2017) reclassified
the SNe in this sample and found that SNe Ib, which
L11 initially suggested were roughly half as common as
SNe Ic, are actually 1.7± 0.9 times as common.
Smith et al. (2011a) used the L11 sample to argue
that for a standard initial mass function (IMF), Wolf–
Rayet stars could account for only half of the observed
fractions of SE SNe. However, in that work, the au-
thors took a conservative tack and treated the LOSS
SN relative rates as monolithic, in the sense that the
same rates applied to all types of galaxies. In Paper I
we showed that galaxies with stellar masses lower than
∼ 1010 M were less efficient at producing SE SNe than
more massive galaxies. In Section 3, we split the LOSS
volume-limited sample according to this mass criterion
to test whether the same trend is evident in the relative
SN rates. If so, we expect to see a lower fraction of SE
SNe in galaxies with M? . 1010 M.
In Paper I we calculated the rates of SNe Ia, SE SNe,
and SNe II. Here, we further subdivide these SN types
into various subtypes (e.g., SE SNe into SNe Ib, Ic, Ic-
BL, IIb, etc.) and measure the relative rates of each
subtype. We further compare the relative rates of each
subtype in low- and high-mass galaxies, using different
mass cuts.
We find that SNe Ib and Ic are underrepresented in
low-mass galaxies by a factor of ∼ 3. On the other hand,
the relative rates of SNe IIb are consistent between
low-mass and high-mass galaxies. There are about 9
times more SN impostors in low-mass galaxies than in
high-mass galaxies (but this might be due to a selec-
tion effect). The low-mass galaxies also host the only
SN 1987A-like SNe in the LOSS volume-limited sam-
ple. Importantly for cosmology, normal SNe Ia are more
common in low-mass galaxies.
These results are in tension with those of the Palomar
Transient Factory (PTF; Rau et al. 2009), as presented
by Arcavi et al. (2010) and Arcavi (2012). We discuss
the differences between the LOSS and PTF results—and
their SN and galaxy samples—in Section 3.2.
Although Smartt et al. (2009) also measured SN rel-
ative rates, we do not compare the results shown here
to theirs. First, their sample consisted of all SNe whose
discovery was made public, through International Astro-
nomical Union Circulars, between 1998 January 1 and
2008 June 30 out to 28 Mpc. As these SNe were dis-
covered by different surveys, the completeness of this
sample is unknown. Second, Smartt et al. (2009) did
not split their sample according to either the mass (as
done here) or the luminosity (as in Arcavi et al. 2010)
of their SN host galaxies. For a discussion of the dif-
ferences between the overall LOSS relative rates from
L11 and the rates reported by Smartt et al. (2009), see
Smith et al. (2011a).
Relative SN rates measured from a complete sample
can also be compared to absolute SN rates from volu-
metric surveys of the local Universe (e.g., Li et al. 2011a
and our Paper I). Cappellaro et al. (1997) combined SN
samples from five different surveys and measured SN Ia,
SE SN, and SN II rates in galaxies of different morpho-
logical types. However, owing to the small number of SE
SNe in their sample, it is hard to draw any conclusions
regarding this family of SNe, and we do not compare
our results to theirs.
We summarize our results in Section 4.
2. THE LOSS VOLUME-LIMITED SAMPLE
For a full description of the LOSS sample, we refer
the reader to Paper I and to Leaman et al. (2011). The
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LOSS volume-limited sample is “volume-limited” in the
sense that the authors assume that, given their detec-
tion efficiency, they did not miss any SNe that exploded
within the galaxies targeted by LOSS out to 80 Mpc for
SNe Ia and 60 Mpc for CC SNe. As shown in Figure 4
of L11 and discussed in their section 2.5, LOSS achieved
a completeness of > 98% for SNe Ia within 80 Mpc, but
only > 80% for CC SNe within 60 Mpc. To overcome
this problem, L11 measured a completeness correction
for each SN in the sample based on its light curve and
their detection efficiency.
Although the LOSS volume-limited sample is com-
plete to all SNe within 60 Mpc, the galaxy sample is
not an accurate representation of the galaxy luminosity
distribution within the volume it probes. As Figure 1
from Leaman et al. (2011) shows, both the full LOSS
sample and the volume-limited subsample are complete
down to galaxies with K-band absolute magnitudes of
∼ −24 mag, but deficient in lower-luminosity galaxies.
This deficiency, which is also apparent in the galaxy dis-
tributions shown in the various rate figures in Paper I,
is caused by the targeted nature of the LOSS survey. In
Section 3.1, we address how this incompleteness might
affect the rates measured here.
Shivvers et al. (2017) reclassified the L11 sample using
all currently available spectra, newly developed tools,
and the knowledge that has accrued about SN classi-
fication since the original publication of L11; see their
Table 1 for a detailed summary of the new classifica-
tions. The volume-limited sample used here contains
180 SNe and SN impostors comprising 74 SNe Ia, 34 SE
SNe, 65 SNe II, and seven SN impostors.
Here, we regard as SN impostors those SN candidates
that may initially appear to spectroscopically resem-
ble SNe IIn, but are less luminous than SNe IIn and
show photometric variability before (and sometimes af-
ter) the explosion on timescales of days to years, indi-
cating that these may not be terminal explosions but
rather eruptions. Based on these criteria, L11 classified
SNe 1999bw, 2000ch, 2001ac, 2002kg, and 2003gm as
SN impostors. Smith et al. (2011b) later changed the
original classifications of SNe 2002bu and 2006bv from
SNe IIn to SN impostors. We refer the reader to Smith
et al. (2011b) and Smith (2014) for further discussion of
this diverse class of transients.
Our definition of SE SNe has changed slightly between
Paper I and this work. In Paper I, where we used the
original control times from Li et al. (2011a) to measure
SN rates, we followed Li et al. (2011a) and did not in-
clude SNe IIb in the SE SN category. Here, this is no
longer necessary, and SE SNe refer to all SNe IIb, Ib, Ic,
Ic-BL, “Ca-rich,”1 and peculiar SE SNe. Likewise, SNe
II refer to all SNe IIP, IIL, IIn, SN 1987A-like SNe, and
peculiar SNe II. As in Paper I, we group SNe IIP and IIL
into one subtype. We use the same definition for SNe Ia
as in Shivvers et al. (2017), which includes all normal
SNe Ia, subluminous SN 1991bg-like SNe Ia (e.g., Filip-
penko et al. 1992b), overluminous SN 1991T-like (e.g.,
Filippenko et al. 1992a), and SN 1999aa-like SNe Ia
(which fall between normal SNe Ia and SN 1991T-like
SNe Ia; Garavini et al. 2004), SN 2002cx-like SNe Ia
(Li et al. 2003; Jha et al. 2006; also called SNe Iax—
Foley et al. 2013), and SN 2002es-like SNe Ia (which
have shared properties with both SN 1991bg-like and
SN-2002cx-like SNe Ia; Ganeshalingam et al. 2012).
Leaman et al. (2011) used B- and K-band photom-
etry to estimate the stellar masses, M?, of the LOSS
galaxies (see Appendix A in Paper I), but 21 of the SN
host galaxies in the volume-limited sample lacked stellar
mass estimates. Discarding the SNe from these galaxies
would render the volume-limited sample unusable in this
work, as the lack of mass measurements is not correlated
with the fractions of the SNe in the sample. Removing
any SNe from the sample would render it incomplete,
and the fractions of the remaining SNe would no longer
correspond to the true fractions in nature. Fortunately,
none of the host galaxies lacked both B- and K-band
data. In Figure 1, we plot the LOSS stellar masses as a
function of luminosity, from which it is apparent that the
correlation between the stellar masses and the K-band
luminosity (LK) is tighter than with LB , with Pearson
correlation coefficients of 0.99 and 0.75, respectively.
For each of the 21 galaxies without LOSS masses, we
use the median of the distribution of stellar-mass values
in a bin of width 0.2 dex centered on either the LB or LK
luminosity of each galaxy, and take the 16th and 84th
percentiles as the uncertainties of the measurement. We
note that the galaxies with missing masses are spread
throughout the mass range of the sample, so that our
estimates of the missing masses should not add a sys-
tematic bias to our analysis below. In Figure 2, we show
distributions of the masses for all host galaxies in the
volume-limited sample, as well as separately for SNe Ia,
SNe II, SE SNe, and SN impostors.
As in Paper I, all stellar masses measured by LOSS
have been divided by 1.2 to be consistent with masses
measured by the MPA-JHU Galspec pipeline2 (Kauff-
mann et al. 2003; Brinchmann et al. 2004; Tremonti
et al. 2004) for LOSS galaxies that were also observed
by the Sloan Digital Sky Survey (York et al. 2000).
1 SNe 2003H, 2003dr, and 2005E; Perets et al. (2010).
2 http://www.sdss3.org/dr9/algorithms/galaxy.php
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Figure 1. Correlations between the B- and K-band lumi-
nosities of all LOSS SN host galaxies and their stellar masses.
The stellar masses are more tightly correlated with the K-
band, rather than the B-band, luminosities. The estimated
stellar masses of the 21 LOSS galaxies in the volume-limited
sample without such values are shown as black squares. The
vertical error bars denote the 16th and 84th percentiles of
the distributions of stellar masses in a bin of width 0.2 dex
centered on either the B- or K-band luminosities of those
galaxies.
3. SN RELATIVE RATES
The deficiency of SE SNe in low-mass galaxies ob-
served in Paper I is also noticeable in the relative rates
of different SN types in the volume-limited sample, once
the SN host galaxies are split according to their stellar
mass, at 1010 M.
To account for the uncertainty of the mass values that
we assigned to the 21 galaxies that did not have such
values originally, as well as the uncertainty in the clas-
sification of some SNe (e.g., SN 2002ds is either a SN
II or a SN IIb), we ran 1000 Monte Carlo simulations
to measure the uncertainties of each SN fraction. Each
SN was assigned a classification weight: 1 if the clas-
sification was certain, or a fraction of 1, depending on
the number of possible classifications. To test for the
effect of filling in the missing masses, we varied their
value according to the probability density function of
the distribution of masses from which they were drawn.
The SNe then find themselves on either side of the mass
threshold.
The final step requires summing the number of SNe of
each subtype, dividing by the total number of SNe, and
estimating the uncertainties on the resultant fraction.
The last step should be a simple ratio of two Poisson
distributions, but is complicated by the need to multi-
ply each SN by its individual completeness correction,
as measured by L11. To take these corrections into ac-
count, we treated each SN as being drawn from a Poisson
Figure 2. Stellar mass distributions of all SN and SN impos-
tor host galaxies in the volume-limited LOSS sample (black
solid). Similar distributions are shown for the hosts of SNe Ia
(red solid), SNe II (blue dashed), SE SNe (green dot-dashed),
and SN impostors (gray dotted). As in Paper I, all masses
have been divided by a factor of 1.2 to maintain consistency
with SDSS Galspec mass values.
distribution with an expectation value of λ = 1. Thus,
in each step of the Monte Carlo simulation, an indi-
vidual SN effectively takes on a value drawn from the
Poisson distribution. This value is then multiplied by
the completeness correction and classification weight of
the SN it represents, and summed with the other SNe of
its subtype. We took the median of the resulting distri-
bution and divided it by the median of the distribution
of all SNe (either SNe Ia or CC SNe). Because of a
combination of small-number statistics and of some SNe
flipping from one mass bin to the other (if the randomly
selected filled-in mass of their host galaxy happens to
straddle the mass limit), the median total SNe is some-
times slightly greater than the sum of the medians of
the SN distributions. This is only a small difference,
however, and does not affect the SN subtypes discussed
in detail below.
The resulting fractions of the different SN types in
the LOSS volume-limited sample are shown in Figure 3
and presented in Table 1. The fourth column of Ta-
ble 1 lists the probability of randomly discovering the
recorded number of SNe of each type, assuming that all
galaxies host the same intrinsic fractions of SN types.
As in Arcavi et al. (2010), the probability of measuring
an underabundance, n, of SNe of a given subtype in a
sample of N galaxies (or an overabundance, l, of SNe of
the same subtype in the other L galaxies) is calculated
according to
n∑
x=0
(
N
x
)
px(1− p)N−x
L∑
y=l
(
L
y
)
py(1− p)L−y, (1)
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Figure 3. Relative SN rates in the LOSS volume-limited sample of CC SNe, complete out to 60 Mpc (top), and SNe Ia, complete
to 80 Mpc (bottom). The left and right pie charts show the fractions of SNe in galaxies with stellar masses ≤ 1010 M and
> 1010 M, respectively. This is roughly the stellar mass at which the absolute SE SN rates begin to deviate appreciably from
the SN II rates, as shown in Paper I. The legends denote the number of SNe of each subtype, after correcting for completeness,
classification, and stellar mass uncertainties (thus giving rise to the non-integer numbers of SNe of different types), and the
resulting fractions, as percentages. The fractions here represent the medians of the distributions generated by Monte Carlo
simulations for each SN subtype. Unlabeled slices represent peculiar SNe, and are listed in the legends. Exploded slices show
SN subtypes for which the fractions in each of the galaxy samples differ in a statistically significant manner (5% significance).
Namely, there are three SN 1987A-like SNe in low-mass galaxies, but none in the more massive galaxies; and there are roughly
three times fewer SNe Ib and Ic, combined, in the less massive galaxies than in the more massive ones. Although not statistically
significant, there are roughly 1.3 times as many normal SNe Ia in low-mass galaxies. Subluminous SN 1991bg-like SNe Ia, which
only appear in massive galaxies, seem to cut into the fraction of normal SNe Ia, which otherwise would be nearly identical to
the fraction of normal SNe Ia in less massive galaxies. See Table 1 for 68% uncertainties on the fractions shown here.
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Table 1. Relative SN Rates in the LOSS Sample; Galaxy Stellar Mass
Cut 1010 M.
SN type Number Fraction Number Fraction Probability
M? ≤ 1010 M M? > 1010 M
All SNe, out to 60 Mpc
SNe Ia 10.0+3.5−3.0 0.20
+0.07
−0.06 27
+5
−5 0.27
+0.06
−0.05 9.0%
SE SNe 9.8+3.2−2.7 0.19
+0.06
−0.05 28
+6
−5 0.29
+0.06
−0.06 5.7%
SNe II 31+7−6 0.61
+0.13
−0.12 42
+8
−7 0.44
+0.08
−0.07 11%
Total 50.6 96.9
CC SNe, out to 60 Mpc
IIP/L 25+6−6 0.60
+0.15
−0.14 40
+7
−7 0.6
+0.1
−0.1 18%
II-87A 3.0+2.0−2.0 0.08
+0.05
−0.05 0.0
+1.8
−0.0 0.000
+0.025
−0.000 1.4%
IIn 3.0+2.0−2.0 0.07
+0.05
−0.05 2.0
+1.0
−1.0 0.028
+0.014
−0.014 10%
IIb 4.6+2.3−2.0 0.11
+0.06
−0.05 7.6
+2.8
−2.6 0.11
+0.04
−0.04 30%
Ib 0.9+0.7−0.5 0.022
+0.017
−0.012 10.1
+4.1
−3.5 0.14
+0.06
−0.05 1.3%
Ic 1.8+1.3−1.1 0.044
+0.032
−0.027 5.0
+2.0
−2.0 0.07
+0.03
−0.03 25%
(Ib+Ic)a 2.7+1.5−1.2 0.07
+0.04
−0.03 15
+5
−4 0.22
+0.07
−0.06 1.4%
IIb-pec 0.6+0.6−0.6 0.015
+0.015
−0.015 0.0
+1.8
−0.0 0.000
+0.025
−0.000 34%
Ic-pec 0.0+1.8−0.0 0.00
+0.04
−0.00 1.0
+1.0
−1.0 0.014
+0.014
−0.014 34%
Ic-BL 0.4+0.4−0.4 0.01
+0.01
−0.01 1.5
+1.0
−1.0 0.021
+0.014
−0.014 61%
Ca-rich 1.3+1.3−1.3 0.03
+0.03
−0.03 2.4
+1.4
−1.3 0.034
+0.020
−0.018 41%
Total 40.8 70.6
SNe Ia, out to 80 Mpc
IaN 10+3−3 0.87
+0.26
−0.26 43
+7
−7 0.7
+0.1
−0.1 13%
Ia-99aa 0.5+0.5−0.5 0.04
+0.04
−0.04 4.5
+2.0
−2.0 0.07
+0.03
−0.03 62%
Ia-91T 0.0+1.8−0.0 0.00
+0.16
−0.00 1.0
+1.0
−1.0 0.016
+0.016
−0.016 61%
Ia-91bg 0.0+1.8−0.0 0.00
+0.16
−0.00 11
+3
−3 0.18
+0.05
−0.05 6.7%
Ia-02cx 1.0+1.0−1.0 0.09
+0.09
−0.09 1.0
+1.0
−1.0 0.016
+0.016
−0.016 13%
Ia-02es 0.0+1.0−0.0 0.00
+0.09
−0.00 1.0
+2.0
−1.0 0.016
+0.032
−0.016 61%
Total 11.5 62.7
aBecause the classification of some SNe as either SNe Ib or Ic is uncertain,
we also present the fraction of both types, combined.
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where we vary the intrinsic SN fraction (p) between
0 and 1, assuming that it is independent of the host
galaxy’s stellar mass. A difference between relative rates
of a given SN subtype (and hence, a rejection of the
assumption that p is the same in all galaxy types) is
considered statistically significant if the maximal prob-
ability of it occuring by chance is ≤ 5%.
Based on the resulting probabilities, we find that
as one family, SNe II are overrepresented in low-mass
galaxies. SE SNe and SNe Ia may be underrepresented
in these galaxies, but the samples are too small for a
definitive conclusion.
Examining the CC SN fractions in detail, we find that
low-mass galaxies host the only three SN 1987A-like ob-
jects in the sample (consistent with Taddia et al. 2016,
who find that this type of SN is preferentially found in
low-metallicity galaxies).
SNe Ib are underrepresented, by a factor of ∼ 5.7, in
galaxies with M? ≤ 1010 M. The fraction of SNe Ic
in low-mass galaxies is formally smaller by a factor of
∼ 1.5, although the difference is not statistically signifi-
cant. As classifying SNe as either SNe Ib or Ic is not al-
ways straightforward (e.g., Modjaz et al. 2014; Liu et al.
2016; Shivvers et al. 2017), we also calculate the frac-
tions of SNe Ib and Ic, combined. The latter fraction
is ∼ 2.9 times smaller in low-mass galaxies and is sta-
tistically significant. This result is consistent with our
finding in Paper I that the ratio between the SE SN and
SN II absolute rates is lower in low-mass galaxies by a
factor of ∼ 3 relative to the ratio in high-mass galaxies.
Shivvers et al. (2017) found that the ratio of SNe Ib
to SNe Ic is 1.5± 0.7. From Table 1, it would seem that
this ratio, which is ∼ 2 in high-mass galaxies, is reversed
in low-mass galaxies. We caution not to attribute any
significance to this reversal, as the low-mass galaxies
contain only one SN Ib and two SNe Ic, leading to a
ratio of 0.5+0.5−0.5. This ratio is consistent, at 2σ, with the
SN Ib/Ic ratio of 2.0+2.0−0.8 in high-mass galaxies.
Intriguingly, the SN IIb fractions are consistent be-
tween the two galaxy populations. We note that it
should be as easy to discover SNe IIb as it is to dis-
cover SNe Ib and Ic, as their luminosity functions and
light curves are similar (e.g., L11; Drout et al. 2011;
Arcavi et al. 2012; Lyman et al. 2016; but see Taddia
et al. 2015a regarding faster rise times for SNe Ic and
Ic-BL, relative to SNe Ib and IIb). We therefore do not
think that the different trends for SNe Ib+Ic and SNe
IIb could be due to LOSS having systematically missed
any of these SN subtypes.
L11 did not compute completeness corrections for the
SN impostors in the volume-limited sample, therefore
they are not included in Figure 3 and Table 1. It is still
interesting to note, however, that of the seven SN impos-
tors classified as such by L11 and Smith et al. (2011b),
six are in galaxies with M? < 10
10 M.3 If we were to
count these objects as CC SNe (as they could be CC SN
progenitors at the end of their lives), then, without com-
pleteness corrections, they would account for 12.3% and
1.4% of CC SNe in low- and high-mass galaxies, respec-
tively. In other words, SN impostors are overrepresented
in low-mass galaxies by a factor of ∼ 9, a statistically
significant result (with a probability of 0.5%). This re-
sult is consistent with Taddia et al. (2015b), who find
that SN impostors explode in lower-metallicity environ-
ments than SNe IIn. However, in our sample this result
can also be due to a selection effect, as SN impostors
are generally fainter than SNe and so would be easier to
pick out in lower-mass, lower-luminosity galaxies.
Although not statistically significant, normal SNe Ia
are overrepresented in low-mass galaxies by a factor of
∼ 1.3. We note that while the lack of SN 1991bg-like
SNe Ia in the low-mass galaxies is consistent with the
large fraction (18%) found in high-mass galaxies, in the
latter, the SN 1991bg-like SNe Ia seem to cut into the
fraction of normal SNe Ia. It will be interesting to see
whether this effect persists in a larger sample. If it does,
it reinforces the suggestion made by Graur et al. (2015)
that in order to collect a homogeneous sample of SNe
Ia for cosmological purposes, one would be best served
targeting low-mass galaxies, as opposed to star-forming
galaxies—without regard to their mass—as advocated
by Childress et al. 2014. From an observational point
of view, this would best be achieved by targeting low-
luminosity (i.e., low-mass) galaxies.
To test the sensitivity of our results to the value of
the mass cut, we repeated the above exercise with two
different mass cuts: 3×109 M and 3×1010 M (the first
value is motivated by the mass of the Large Magellanic
Cloud, or LMC, which is often treated as the upper mass
limit of dwarf galaxies; van der Marel et al. 2002). The
resulting relative rates are presented in Tables A1 and
A2 and Figures A1 and A2.
When using the higher mass cut at 3 × 1010 M, we
find that SNe Ia are significantly underrepresented in
low-mass galaxies by a factor of ∼ 2.4 and SNe II are
overrepresented by a factor of ∼ 2.2, whereas before
they were consistent between the two samples. SNe Ib
and Ic (individually and combined) are still deficient in
low-mass galaxies by a factor of ∼ 3 (this result also be-
comes significant for SNe Ic). Although the formal ratio
between SNe IIb in high- and low-mass galaxies is ∼ 1.5,
the two relative rates are still consistent (whereas in Ar-
cavi et al. 2010 they were underrepresented by a factor
3 The host galaxy of SN 2002bu does not have a LOSS stellar
mass value. As explained in Section 2, we esitmate a mass of
∼ 4× 109 M.
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of 5, as we discuss in Section 3.2, below). SN 1987A-like
SNe are still only found in low-mass galaxies, but this
result is no longer significant. The difference between
normal SNe Ia and SN 1991bg-like SNe Ia in low- and
high-mass galaxies becomes statistically significant.
The lower mass cut at 3 × 109 M reduces the num-
ber of SNe in low-mass galaxies to the point where only
one difference between the galaxy samples is significant:
an overabundance of SNe IIn in low-mass galaxies by
a factor of ∼ 6. Formally, SNe IIb are roughly twice
as common in low-mass galaxies, but the relative rates
of this SN subtype are still consistent between the two
galaxy samples.
The three mass cuts used here show that the most
robust trend is the deficiency of SNe Ib and Ic in low-
mass galaxies. This trend is also qualitatively present
when the lowest mass cut is used, but is no longer signif-
icant as the low-mass SN sample is reduced to the point
where it is dominated by Poisson noise. The following
trends also stand out regardless of the mass cut used,
but are only significant when one of the mass cuts is
used: (1) normal SNe Ia are overabundant in low-mass
galaxies; (2) SN 1991bg-like SNe Ia are only found in
high-mass galaxies; and (3) SN 1987A-like SNe prefer
low-mass galaxies. Finally, the relative rates of SNe IIb
are consistent with each other in both low- and high-
mass galaxies, independent of which mass cut is used.
3.1. Caveats
As noted in Section 2, the targeted nature of LOSS
means that the volume-limited sample, while complete
to all SN types out to 60 Mpc, is incomplete to all
galaxy types. We do not think that this incomplete-
ness is the source of the deficiency we observe in the SN
Ib and SN Ic relative rates in low-mass (and hence low-
luminosity) galaxies. First, as Leaman et al. (2011) note,
low-luminosity galaxies, which have low star-formation
rates, do not produce many SNe. They estimate that
only ∼ 15% of CC SNe and ∼ 10% of SNe Ia are
missed in the volume-limited sample. Second, as Fig-
ure 2 shows, the LOSS volume-limited sample is not
bereft of low-mass galaxies: 28.3% (28.9% once the miss-
ing masses are filled in) of the host galaxies have stellar
masses < 1010 M. Third, we have no reason to think
that the low-luminosity galaxies included in LOSS, and
the SNe they hosted, are in any way uncharacteristic
of the overall low-luminosity galaxy population, which
means that the rates we measure, while suffering from
large statistical uncertainties, should not be systemati-
cally biased by the galaxy sample’s incompleteness.
We used the L11 completeness corrections, which were
calculated using light-curve templates (also constructed
by L11), based on the classification of each SN. Although
some of the classifications have changed, we did not re-
calculate the corrections, as (1) only a small fraction of
the classifications have changed, and (2) the luminosity
functions and light curves of SNe Ib, Ic, and IIb (the
SN types that were most affected by the classification
changes in Shivvers et al. 2017) are very similar.
Foley et al. (2013) have argued that the relative rates
of SNe Iax measured by L11 were underestimated, as the
SNe Iax in the LOSS sample were all high-luminosity
objects (brighter than −16.7 mag at peak). Since we
rely on the L11 completeness corrections, our fractions
of SNe Iax suffer from the same bias. However, as in
this paper we compare relative SN rates in galaxies of
different masses, and as the differences we find for SNe
Iax are not statistically significant, we do not attempt
to correct for this bias.
3.2. Comparison with the Palomar Transient Factory
Our results are in some tension with those of the PTF.
Below, we compare our results to the preliminary rates
presented by Arcavi et al. (2010) and to the updated
rates shown by Arcavi (2012). As we discuss below,
it is hard to evaluate the significance of the updated
results from Arcavi (2012), as they are only shown—not
discussed—in the conference proceedings. If the latter
results hold up, then the LOSS rates differ from those of
the PTF only when it comes to SNe IIb: PTF find that
these SNe are more abundant in dwarf galaxies, while
we find no significant differences between the SN IIb
population in low-mass and high-mass galaxies.
Arcavi et al. (2010) split a preliminary sample of 70
PTF SNe among “giant” and “dwarf” host galaxies, de-
fined by the galaxies’ r-band luminosities. Our findings
contradict theirs in three main points, as follows.
1. They found that the overall fraction of all SE SN
types is larger in low-mass galaxies; we find the
opposite.
2. They found no difference between the relative
rates of SNe Ib in giants and dwarfs, while we find
a marked deficiency of SNe Ib in low-mass galax-
ies.
3. They found a deficiency of SNe IIb in giant galax-
ies. We find no difference between the fractions of
this SN subtype in low- and high-mass galaxies.
Additionally, Arcavi et al. (2010) found SNe Ic-BL
to be overrepresented in dwarf galaxies, where they ac-
counted for 13% of all SNe. This result was based on
two SNe Ic-BL in dwarf galaxies and one in giant galax-
ies. Our sample includes a similar number of 1–2 SNe
Ic-BL, but we find no significant difference between the
fractions of this SN in the two galaxy types. It is inter-
esting to note that as a result of the makeup of our SN
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sample, SNe Ic-BL only account for ∼ 1% of all SNe in
low-mass galaxies, an order of magnitude lower than in
Arcavi et al. (2010). However, owing to small-number
statistics, we caution that this difference between the
two studies may not be significant.
Although the LOSS volume-limited sample is slightly
larger than the PTF sample (99 CC SNe vs. 70), any
conclusions drawn from the LOSS and PTF samples are
both constrained by small-number statistics. However,
the LOSS volume-limited sample is better suited for this
prupose, as it represents a complete sample and includes
completeness corrections based on the survey’s sensitiv-
ity to each SN in the sample. The PTF sample, on the
other hand, is incomplete, as its detection efficiency for
different types of SNe is unknown. It is also unknown
how well the PTF SN host galaxies represent the lo-
cal galaxy luminosity function. That said, whereas the
LOSS survey targeted massive galaxies, the PTF survey
was untargeted and therefore more sensitive to dwarf
galaxies.
Another difference between the PTF and LOSS sam-
ples is their classification completeness, i.e., how many
spectra (and at what phases) are used to classify the
SNe. This is most important for the classification of
SNe IIb. Many of the spectroscopic differences between
SNe Ib and IIb may be time-dependent (e.g., Filippenko
1988; Filippenko et al. 1993; Filippenko 1997; Pastorello
et al. 2008; Chornock et al. 2011; Milisavljevic et al.
2013). PTF obtained multiple spectra for SNe that were
initially classified as SNe II to check if they later evolved
into SNe IIb. They also checked early spectra of SNe
Ib for hydrogen features (I. Arcavi, private communica-
tion).
Unfortunately, many of the events within the LOSS
sample have only partial spectroscopic coverage. How-
ever, Liu et al. (2016) show that the population of SNe
IIb exhibit characteristically stronger hydrogen lines
than the SNe Ib population at all photospheric phases,
and (using the updated classification tools of Liu &
Modjaz 2014) Shivvers et al. (2017) were able to dis-
tinguish between these two subtypes in most examples.
For only one SN in the LOSS volume-limited sample is
a clear distinction between Ib and IIb impossible, and it
is classified as Ib/IIb. The time-variance of our ability
to spectroscopically distinguish between type II and IIb
SNe, however, is less well understood, and because of
the LOSS sample’s only partial spectroscopic coverage,
there are five SNe in the sample that may be of type
II or IIb. These classification uncertainties have been
taken into account here, as detailed in Section 3.
Finally, it is important to note that in this work
we split the SN host galaxies by their stellar mass,
and define low-mass galaxies as having stellar masses
< 1010 M. This threshold includes both “dwarf” galax-
ies, which are often defined as being less massive than
the LMC at 3×109 M, and some “giant” galaxies. Ar-
cavi et al. (2010) split their sample according to the
r-band luminosity of the galaxies, with dwarf galax-
ies defined as being fainter than Mr ≥ −18 mag. Of
the galaxies in the LOSS volume-limited sample, 10.1%
(11.1% when missing masses are filled in) can be de-
fined as dwarfs according to their mass. On the other
hand, 21.4% of the PTF galaxies are defined as dwarfs.
This shows that while the LOSS sample does probe SNe
in dwarf galaxies, the PTF sample is more sensitive to
them.
An update of the preliminary PTF results appeared
in figure 3 of Arcavi (2012), where the SN sample had
been enlarged to 369 objects. The larger sample led to
some changes in the preliminary trends, as follows:
1. SNe Ib and SNe Ic might be overrepresented in
more luminous (and hence more massive) galaxies,
as the relative rates for the most luminous galaxies
are twice and three times, respectively, those of the
rates in the least luminous ones. This is consistent
with the rates we measure here.
2. The SN IIb rate is still lower in more luminous
massive galaxies, than in less luminous low-mass
galaxies. This is still in contrast with our finding
that SNe IIb seem to have no preference for either
low- or high-mass galaxies.
3. There is no apparent trend between the fraction
of SNe Ic-BL, relative to other CC SNe, and the
luminosity of their host galaxies. This is consistent
with our findings.
Although the updated PTF results are based on a
larger sample of SNe, there are some caveats to keep in
mind. First, Arcavi (2012) does not describe the compo-
sition of the SN sample (e.g., classification methods) or
its completeness. Second, there is no quantitative dis-
cussion of the measurements shown in figure 3. While it
is possible to claim “by eye” the above trends for SNe
IIb, Ib, and Ic, the measurements seem to be—again,
“by eye”—consistent with each other at the 2σ level.
Thus we cannot tell if there are any significant trends
in the updated measurements; there could just as easily
be no trends at all.
At the time of writing, we have been informed that
an in-depth analysis of the complete PTF SN sample—
including new rate measurements—is under way (A.
Gal-Yam, private communication). It will be interesting
to see whether the final results from the full PTF sam-
ple, as well as future rates from the All-Sky Automated
Survey for Supernovae (ASAS-SN; Holoien et al. 2016)
will confirm or contradict the LOSS rates described here.
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4. SUMMARY AND CONCLUSIONS
This is the second of a series of papers that further
explore the implications of the LOSS SN rates. Here,
we examined the relative rates of different SN subtypes
in the volume-limited LOSS sample. This sample, which
contains 180 SNe and SN impostors, is complete for SNe
Ia out to 80 Mpc and CC SNe out to 60 Mpc. Our
analysis was based on a reclassification of the SNe in this
sample (Shivvers et al. 2017). Where L11 originally did
not distinguish between galaxy types, we split the LOSS
volume-limited sample into two galaxy samples, using
different mass cuts, and compared the relative rates of
different SN subtypes in low- and high-mass galaxies.
This split was motivated by our finding in Paper I that
the absolute rates of SE SNe, relative to SNe II, are
lower in low-mass galaxies by a factor of ∼ 3. We have
found the following trends (Figure 3).
1. SNe Ib are underrepresented in low-mass galaxies
by a factor of 3–6. Taken together, SNe Ib and
Ic are underrepresented in low-mass galaxies by a
factor of ∼ 3. Both results are statistically signif-
icant, given our significance threshold of 5%.
2. On the other hand, the relative rates of SNe IIb
are consistent with each other in both low- and
high-mass galaxies.
3. SN 1987A-like SNe prefer low-mass galaxies.
4. SN impostors, many of which could signify the
death throes of CC SN progenitors, are overrep-
resented in low-mass galaxies by a factor of ∼ 9.
This could be due to selection effects, however,
as the SN impostors in the LOSS volume-limited
sample have not been corrected for completeness,
and these objects tend to have lower peak lumi-
nosities than SNe.
5. Normal SNe Ia are overrepresented in low-mass
galaxies by a factor of ∼ 1.3.
6. As expected, subluminous SN 1991bg-like SNe Ia
are only found in high-mass galaxies, but intrigu-
ingly, they cut into the share of the normal SNe
Ia.
We find that the first trend is the most robust to the
choice of mass cut, followed by trends 3, 5, and 6. Al-
though not formally statistically significant, trend 2 is
qualitatively present regardless of which mass cut is
used.
The underrepresentation of SNe Ib and Ic in low-mass
galaxies strengthens our finding in Paper I that the SE
SN rates, relative to the SN II rates, are lower in low-
mass galaxies than in high-mass galaxies. In the latter
type of galaxy, we find the same fraction of SNe Ib and
Ic, combined, as Smith et al. (2011a) did. This strength-
ens their point that single stars, on their own, cannot
account for the observed fractions of SE SNe, at least
in high-mass galaxies. This is true if one were to as-
sume that all galaxies have the same IMF. Recent stud-
ies, however, have reported that galaxies with higher
star-formation rates show more top-heavy IMFs (e.g.,
Gunawardhana et al. 2011; Geha et al. 2013; Weidner
et al. 2013; Pastorello et al. 2014). We leave it to a
future paper to explore whether the larger fraction of
massive stars produced by such IMFs could account for
the higher fraction of SNe Ib and Ic we observe in high-
mass (and hence highly star-forming) galaxies.
It is interesting that the relative rates of SNe IIb are
consistent between low- and high-mass galaxies. This
adds another reason why the exclusion of this type of
SN from the SE SN rates in Paper I should not bias
our findings in that paper. It also raises the question
whether SNe IIb come from different progenitors than
other SE SNe. If, instead, SNe IIb, Ib, and Ic all come
from the same type of progenitor stellar system, it re-
mains to be seen what property (or combination of prop-
erties, such as metallicity, IMF, or binarity fraction) of
galaxies at M? . 1010 M could hinder the production
of SNe Ib and Ic, but not of SNe IIb. Our result is
in tension with binary evolution models, which predict
that the SN IIb rate should indeed be higher in low-mass
low-metallicity galaxies—as claimed by the PTF—since
line-driven winds should be less efficient at removing the
residual H envelope of the low-metallicity SN IIb progen-
itor (Claeys et al. 2011; Smith 2014). A larger sample of
SE SNe in low-mass galaxies is required to test whether
at a lower mass cut the fractions of SNe IIb will remain
the same, will begin to exhibit the type of deficiency we
have shown here for SNe Ib and Ic, or become overabun-
dant, as claimed by the PTF.
The overrepresentation of normal SNe Ia in low-mass
galaxies strengthens the conclusion of Graur et al. (2015)
that in order to construct homogeneous SN Ia samples
for cosmology, it would be best to select them from low-
mass (or low-luminosity) galaxies, and not just from
star-forming galaxies, as suggested by Childress et al.
(2014).
The results of this work differ from those of Arcavi
et al. (2010) and Arcavi (2012), especially in regard to
SNe IIb. Our samples differ as well, as LOSS is a tar-
geted survey, while PTF is untargeted. We argue here
that the LOSS volume-limited sample, with its known
sensitivity and completion caveats, is better suited for
studying relative rates than the preliminary PTF sam-
ple used by Arcavi et al. (2010). Still, as the samples
from both studies suffer from small-number statistics,
we look forward to our results being tested by ongoing
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and future untargeted surveys.
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APPENDIX
A. THE EFFECT OF DIFFERENT MASS CUTS
Here, we present the relative SN rates in low- and high-mass galaxies when splitting the galaxy sample at either
3× 109 M (Table A1 and Figure A1) or 3× 1010 M (Table A2 and Figure A2). We find similar qualitative trends
as those described in Section 3, but the statistical significance of some trends changes as a result of changes in the
number of SNe in each galaxy sample. There are two main differences between the results shown here and in Section 3,
namely: when split at 3× 1010 M, SNe IIP/L are significantly overrepresented in low-mass galaxies, as are SNe IIn
when the galaxy sample is split at 3×109 M. As in both of these cases the number of SNe in either low- or high-mass
galaxies is smaller than in Section 3, it remains to be seen whether these trends will also be revealed in a larger SN
sample. The overabundance of normal SNe Ia in low-mass galaxies, as well as the overabundance of SN 1991bg-like
SNe Ia in high-mass galaxies, remains constant in the figures below, and becomes statistically significant when the
sample is split at 3× 1010 M.
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Figure A1. Relative SN rates in the LOSS volume-limited sample, with a mass cut at 3 × 109 M (the mass of the LMC,
often used to define dwarf galaxies). Because the samples of SNe in low-mass galaxies are small, the only significant trend is an
overrepresentation of SNe IIn in low-mass galaxies.
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Figure A2. Relative SN rates in the LOSS volume-limited sample, with a mass cut at 3×1010 M. The same qualitative trends
seen in Figure 3 are apparent here as well, but the statistical significance of some relative rates has changed, as shown by the
exploded slices. SNe Ib and Ic are still significantly underrepresented in low-mass galaxies. SN 1987A-like SNe are still only
found in low-mass galaxies, but this is no longer a significant result. SNe IIP/L, however, are now significantly overrepresented
in low-mass galaxies. Normal SNe Ia are still significantly underrepresented in high-mass galaxies, where the overrepresentation
of SN 1991bg-like SNe Ia is now significant as well.
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Table A1. Relative SN Rates in the LOSS Sample; Galaxy Stellar Mass
Cut 3× 109 M.
SN type Number Fraction Number Fraction Probability
M? ≤ 3× 109 M M? > 3× 109 M
All SNe, out to 60 Mpc
SNe Ia 5.0+2.0−2.0 0.32
+0.13
−0.13 32
+6
−6 0.24
+0.04
−0.04 20%
SE SNe 3.2+2.0−1.6 0.20
+0.13
−0.10 35
+6
−6 0.33
+0.10
−0.08 21%
SNe II 8.0+3.0−3.0 0.48
+0.20
−0.17 66
+10
−9 0.50
+0.07
−0.07 41%
Total 15.8 132.8
CC SNe, out to 60 Mpc
IIP/L 4.6+2.6−2.2 0.42
+0.24
−0.20 61
+9
−9 0.60
+0.09
−0.09 14%
II-87A 1.1+1.1−1.1 0.10
+0.10
−0.10 2.0
+1.0
−1.0 0.02
+0.01
−0.01 14%
IIn 2.0+1.0−2.0 0.18
+0.09
−0.18 3.0
+2.0
−2.0 0.03
+0.02
−0.02 2.9%
IIb 2.1+1.6−1.1 0.19
+0.15
−0.10 10.1
+3.3
−3.0 0.10
+0.03
−0.03 18%
Ib 0.5+0.5−0.5 0.05
+0.05
−0.05 10.4
+4.1
−3.5 0.103
+0.041
−0.035 49%
Ic 0.5+0.5−0.5 0.05
+0.05
−0.05 6.3
+2.5
−2.2 0.063
+0.025
−0.022 67%
(Ib+Ic)a 1.1+0.5−0.5 0.10
+0.05
−0.05 17
+5
−4 0.17
+0.05
−0.04 26%
IIb-pec 0.0+1.8−0.0 0.000
+0.17
−0.00 0.6
+0.6
−0.6 0.006
+0.006
−0.006 70%
Ic-pec 0.0+1.8−0.0 0.000
+0.17
−0.00 1.0
+1.0
−1.0 0.010
+0.010
−0.010 70%
Ic-BL 0.0+1.8−0.0 0.000
+0.17
−0.00 1.7
+1.3
−1.0 0.017
+0.013
−0.010 58%
Ca-rich 0.0+1.8−0.0 0.000
+0.17
−0.00 3.7
+2.4
−2.3 0.037
+0.024
−0.023 44%
Total 10.9 100.6
SNe Ia, out to 80 Mpc
IaN 5.0+2.0−2.0 0.8
+0.3
−0.3 48
+7
−7 0.7
+0.1
−0.1 26%
Ia-99aa 0.0+1.8−0.0 0.0
+0.3
−0.3 5.0
+2.0
−2.0 0.07
+0.03
−0.03 44%
Ia-91T 0.0+1.8−0.0 0.0
+0.3
−0.3 1.0
+1.0
−1.0 0.015
+0.015
−0.015 74%
Ia-91bg 0.0+1.8−0.0 0.0
+0.3
−0.3 11
+3
−3 0.165
+0.047
−0.045 22%
Ia-02cx 1.0+1.0−1.0 0.17
+0.17
−0.17 1.0
+1.0
−1.0 0.015
+0.015
−0.015 74%
Ia-02es 0.0+1.8−0.0 0.0
+0.3
−0.3 2.0
+1.0
−1.0 0.029
+0.015
−0.015 64%
Total 6.0 68.6
aBecause the classification of some SNe as either SNe Ib or Ic is uncertain,
we also present the fraction of both types, combined.
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Table A2. Relative SN Rates in the LOSS Sample; Galaxy Stellar Mass
Cut 3× 1010 M.
SN type Number Fraction Number Fraction Probability
M? ≤ 3× 1010 M M? > 3× 1010 M
All SNe, out to 60 Mpc
SNe Ia 16.6+4.5−4.0 0.17
+0.05
−0.04 20
+5
−4 0.40
+0.10
−0.08 < 0.1%
SE SNe 21+4−4 0.22
+0.05
−0.04 16
+5
−4 0.33
+0.10
−0.08 4.9%
SNe II 60+9−9 0.61
+0.09
−0.09 13.8
+3.9
−3.6 0.27
+0.08
−0.07 < 0.1%
Total 97.3 50.5
CC SNe, out to 60 Mpc
IIP/L 52+9−9 0.65
+0.110
−0.11 12.7
+4.0
−3.5 0.42
+0.13
−0.12 1.2%
II-87A 3.2+2.1−2.0 0.040
+0.026
−0.025 0.0
+1.8
−0.0 0.00
+0.06
−0.00 19%
IIn 4.0+2.0−2.0 0.049
+0.025
−0.025 1.0
+1.0
−1.0 0.03
+0.03
−0.03 33%
IIb 7.8+2.9−2.6 0.096
+0.036
−0.032 4.5
+2.1
−2.0 0.15
+0.07
−0.07 20%
Ib 5.0+2.5−2.0 0.062
+0.031
−0.025 5.8
+3.5
−3.0 0.19
+0.12
−0.10 1.2%
Ic 3.2+1.7−1.4 0.040
+0.021
−0.017 3.6
+2.0
−1.6 0.12
+0.07
−0.05 2.8%
(Ib+Ic)a 8.4+3.0−2.6 0.10
+0.04
−0.03 9.4
+4.1
−3.5 0.31
+0.14
−0.12 0.3%
IIb-pec 0.6+0.6−0.6 0.007
+0.007
−0.007 0.0
+1.8
−0.0 0.00
+0.06
−0.00 44%
Ic-pec 1.0+1.0−1.0 0.012
+0.012
−0.012 0.0
+1.8
−0.0 0.00
+0.06
−0.06 44%
Ic-BL 1.7+1.3−1.0 0.021
+0.016
−0.012 0.0
+1.8
−0.0 0.00
+0.06
−0.00 28%
Ca-rich 1.3+1.3−1.3 0.016
+0.016
−0.016 2.4
+1.4
−1.3 0.08
+0.05
−0.04 6.7%
Total 81.0 30.4
SNe Ia, out to 80 Mpc
IaN 19.6+4.5−4.5 0.8
+0.2
−0.2 33
+6
−6 0.66
+0.12
−0.11 3.5%
Ia-99aa 1.5+1.0−1.0 0.06
+0.04
−0.04 3.5
+2.0
−1.5 0.07
+0.04
−0.03 57%
Ia-91T 0.0+1.8−0.0 0.00
+0.08
−0.00 1.0
+1.0
−1.0 0.02
+0.02
−0.02 40%
Ia-91bg 0.0+1.8−0.0 0.00
+0.08
−0.00 11
+3
−3 0.22
+0.06
−0.06 0.3%
Ia-02cx 1.0+1.0−1.0 0.04
+0.04
−0.04 1.0
+1.0
−1.0 0.02
+0.02
−0.02 29%
Ia-02es 1.0+2.0−1.0 0.04
+0.09
−0.04 0.0
+1.0
−0.0 0.00
+0.02
−0.00 14%
Total 23.6 50.5
aBecause the classification of some SNe as either SNe Ib or Ic is uncer-
tain, we also present the fraction of both types, combined.
